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DESCRIPTION 

GAS SENSOR 

[OOOl] TECHNICAL FIELD 

[0002] The present invention relates to a gas sensor 

suitable for measurement, in a fuel cell, of 
concentration of a catalyst poison gas, such as CO or 
sulfur-containing substance, contained in fuel gas, 
particularly, concentration of CO. 

[0003] BACKGROUND ART 

[0004] With global-scale environment deterioration being 

perceived as a problem, in recent years, there have 
been actively performed studies on fuel cells, which 
are highly efficient, clean power sources. Among them, 
a polymer electrolyte fuel cell (PEFC) is a promising 
fuel cell, because it has advantages of low operation 
temperature and high output density. 

[0005] A reformed gas of gasoline or natural gas shows 

promise as a fuel gas to be used in a PEFC. However, 
since CO is generated in the course of reformation 
reaction in accordance with conditions such as 
temperature and pressure, CO is present in a reformed 
gas. Further, sulfur-containing substances contained 
in the crude material may remain in a reformed gas. 
Catalyst poisons such as CO and sulfur-containing 
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substances poison Pt or the like, which is a fuel 
electrode catalyst of a fuel cell. Therefore, demand 
exists for a gas sensor capable of directly detecting 
the concentrations of CO and sulfur-containing 
substances contained in a reformed gas. In particular, 
the necessity of a CO sensor is high, and such a CO 
sensor is required to be capable of performing 
measurement in a hydrogen-rich atmosphere. 

[0006] In view of the above, conventionally, there has 

been proposed a carbon monoxide sensor whose detection 
portion is disposed in a gas to be measured 
(hereinafter referred to as "analyte gas") and which 
obtains CO concentration from the gradient of a change 
in current which flows upon application of a 
predetermined voltage between two electrodes (see 
Patent Document 1 ) . 

[0007] Further, there has also been proposed a CO gas 

sensor which obtains CO concentration from a CO- 
concentration-attributable change in response current 
at the time the applied voltage is changed by a pulse 
method ( see Patent Document 2 ) . 

[0008] [Patent Document 1] Japanese Patent Application 

Laid-Open (kokai) No. 2001-099809 (page 2, Figure 1) 

[0009] [Patent Document 2] Japanese Patent Application 

Laid-Open (kokai) No. 2001-041926 (page 3, Figure 2) 

[0010] However, in the technique of Patent Document 1, 

since CO concentration is obtained from the gradient 
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of a change in current which flows between two 
electrodes, a change in current attributable to CO; 
i.e., a change in the electrode catalyst attributable 
to CO poisoning, is irreversible. As a measure against 
this problem, the carbon monoxide sensor has recovery 
means which uses a heater. However, the sensor has a 
problem of having a complicated structure. 
[0011] Moreover, in the carbon monoxide sensor, since the 

current flowing between the two electrodes changes 
depending on the resistance between the electrodes , 
the gradient of a change in current , which is the 
sensor output, changes with H 2 0 concentration. 
Therefore, when the H 2 0 concentration within a 
measurement atmosphere changes because of, for example, 
a change in operating conditions, the sensor output is 
influenced by the H 2 0 concentration, so that the sensor 
encounters difficulty in accurate measurement of CO 
concentration . 

[0012] Meanwhile, in the technique of Patent Document 2, 

CO concentration is measured through repeated and 
alternating application of a CO adsorption potential 
and a CO oxidization potential. However, since CO 
concentration cannot be measured during periods in 
which the CO oxidization potential is applied to the 
sensor, the sensor has a problem in that the sensor 
cannot perform continuous measurement of CO 
concentration . 
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[0013] Moreover, as in the case of the technique of 

Patent Document 1, according to this technique, the 
current flowing between the two electrodes changes 
depending on the resistance between the electrodes; 
therefore, the sensor has characteristics such that 
when the H 2 0 concentration of an analyte gas changes , 
the gradient of a change in current , which is the 
sensor output, also changes. Therefore, when the H 2 0 
concentration of the analyte gas changes because of, 
for example, a change in operating conditions, the 
sensor output is influenced by the H 2 0 concentration, 
so that the sensor encounters difficulty in accurate 
measurement of CO concentration. 

[0014] Furthermore, according this technique, a CO- 

concentration-attributable change in hydrogen 
oxidation reaction at catalyst of an anode electrode 
is measured from a change in DC current flowing 
through solid electrolyte film, and the CO 
concentration is obtained on the basis of results of 
this measurement . Since H 2 0 concentration in the 
vicinity of the catalyst of the anode electrode 
decreases as a result of the DC current flowing 
through the solid electrolyte film, desorption of CO 
becomes less likely to occur, whereby responsiveness 
is lowered. 

[ 0015 ] An object of the present invention is to provide a 

gas sensor which enables reversible, continuous 
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measurement of concentration of a catalyst poison gas 
such as CO, without requiring recovery means such as a 
heater. Another object of the present invention is to 
provide a gas sensor which can measure concentration 
of a catalyst poison gas without being influenced by 
H 2 0 concentration . Still another object of the present 
invention is to provide a gas sensor which has good 
responsiveness . 

[0016] DISCLOSURE OF THE INVENTION 

[0017] (1) The invention of claim 1, which solves the 

above-described problems, is characterized by 
comprising a proton conductive layer which conducts 
protons (H + ); and first and second electrodes provided 
in contact with the proton conductive layer, each of 
the electrodes including electro -chemically active 
catalyst and being in contact with an atmosphere of an 
analyte gas, wherein an AC voltage is applied between 
the first and second electrodes so as to measure an 
impedance between the first and second electrodes, and 
a concentration of a catalyst poison gas 
(concentration of a gas which poisons the catalysts) 
contained in the analyte gas is obtained on the basis 
of the impedance. 

[0018] In the present invention, a change in hydrogen 

oxidation reaction at the catalysts with the 
concentration of a catalyst poison gas is measured 
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from the Impedance between the first and second 
electrodes, which is obtained through application of 
an AC voltage between the first and second electrodes, 
and the concentration of the catalyst poison gas such 
as CO is obtained on the basis of the measured 
impedance. By virtue of this configuration, the 
concentration of the catalyst poison gas can be 
measured reversibly and continuously with high 
accuracy and good responsiveness. 
[0019] That is, in a conventional gas sensor which uses a 

solid polymer electrolyte (constituting a proton 
conductive layer) and which obtains CO concentration 
from only DC current, since DC current is caused to 
flow, H 2 0 is always pumped together with H 2 , and the 
H 2 0 concentration in the vicinity of the catalyst of 
the anode electrode becomes very low. Further, for 
example, CO having adsorbed onto the catalyst reacts 
with H 2 0 so that desorption and adsorption reach an 
equilibrium state. Therefore, when H 2 0 decreases, 
desorption of CO does not occur immediately even when 
CO contained in an analyte gas is depleted. That is, 
when CO concentration, which can be obtained on the 
basis of a CO-concentration-attributable change in 
hydrogen oxidation reaction at the catalysts, is 
measured by use of DC current, the H 2 0 concentration in 
the vicinity of the catalyst of the anode electrode 
decreases, so that desorption and adsorption do not 
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reach an equilibrium state, and thus, responsiveness 
deteriorates . 

[0020] In contrast, when measurement is performed by use 

of alternating current as in the present invention, 
voltages of alternating polarities are periodically 
applied to the electrodes. In this case, since H 2 0 is 
always present in the vicinity of the catalyst, 
desorption and adsorption of a catalyst poison gas are 
always in an equilibrium state, and desorption of, for 
example, CO occurs through reaction with H 2 0. 
Therefore, responsiveness is not deteriorated. 

[0021] Poisoning by a catalyst poison gas such as CO 

occurs because the introduced catalyst poison gas is 
not desorbed after having adsorbed onto the catalyst. 
Therefore, through establishment of a condition in 
which a catalyst poison gas can always react as in the 
present invention, occurrence of irreversible 
poisoning can be avoided. Therefore, concentration of 
a catalyst poison gas can be reversibly and 
continuously measured without use of recovery means 
such as a heater. Notably, example waveforms of AC 
voltage include sinusoidal waveform, triangular 
waveform, and square waveform. 

[0022] (2) The invention of claim 2 is characterized by 

comprising a proton conductive layer which conducts 
protons; a first electrode provided in contact with 
the proton conductive layer, the first electrode 
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including electro - chemically active catalyst and being 
shielded from an atmosphere of an analyte gas; and a 
second electrode provided in contact with the proton 
conductive layer, the second electrode including 
electro -chemically active catalyst and being in 
contact with the analyte-gas atmosphere, wherein an AC 
voltage is applied between the first and second 
electrodes so as to measure an impedance between the 
first and second electrodes, and a concentration of a 
catalyst poison gas contained in the analyte gas is 
obtained on the basis of the impedance. 
[0023] In a gas sensor, such as the gas sensor of the 

present invention, which utilizes adsorption of a 
catalyst poison gas onto catalyst and desorption of 
the catalyst poison gas therefrom, when the catalyst 
contents of the electrodes are high, the number of 
sites at which desorption and adsorption of the 
catalyst poison gas occur is large. Therefore, a long 
time is needed to create a saturated, equilibrium 
state associated with desorption and adsorption of the 
catalyst poison gas, and responsiveness deteriorates. 
Further, in the case of a gas sensor in which both the 
electrodes are exposed to an analyte gas, 
responsiveness depends on the electrode whose catalyst 
content is high, of the two electrodes. Therefore, a 
conceivable measure for further improving the 
responsiveness is sufficiently decreasing the catalyst 
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contents of both the electrodes. However, when the 
catalyst carrying quantities of the electrodes are 
reduced, the impedance between the electrodes 
increases, so that an SN ratio, which is the ratio 
between sensitivity and zero point, deteriorates. 

[0024] In view of the above, in the present invention, 

one electrode (first electrode) is shielded from an 
atmosphere of an analyte gas so as to prevent exposure 
of the electrode to a catalyst poison gas such as CO. 
Thus, the catalyst content of the first electrode, 
which is shielded from the analyte gas atmosphere, can 
be increased, so that deterioration in the SN ratio 
does not occur. Further, through reduction of the 
catalyst content of the second electrode, which is in 
contact with the analyte gas atmosphere , 
responsiveness can be improved. 

[0025] Moreover, a change in hydrogen oxidation reaction 

at the catalyst of the second electrode, which is in 
contact with the analyte gas atmosphere, the change 
occurring with concentration of a catalyst poison gas, 
is measured from the impedance between the first and 
second electrodes, which is obtained through 
application of an AC voltage between the first and 
second electrodes, and the concentration of the 
catalyst poison gas such as CO is obtained on the 
basis of the measured impedance. In this case, since 
H 2 0 is always present in the vicinity of the catalyst 
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of the second electrode, desorption of, for example, 
CO occurs through reaction with H 2 0, so that 
deterioration in the responsiveness does not occur. 
[0026] Accordingly, the present invention can provide a 

gas sensor which is excellent in terms of 
responsiveness and which suppresses lowering of the SN 
ratio. 

[0027] (3) The invention of claim 3 is characterized in 

that the impedance between the first and second 
electrodes is measured in a state in which a DC 
voltage is applied between the first and second 
electrodes such that the first electrode is higher in 
electrical potential than the second electrode. 

[0028] In the present invention, in a state in which the 

first electrode is shielded from the analyte gas 
atmosphere, the DC voltage is applied between the 
first and second electrodes such that the first 
electrode is higher in electrical potential than the 
second electrode. Therefore, H 2 0 molecules accompanied 
by protons are biased toward the cathode electrode 
(second electrode), and thus the H 2 0 concentration in 
the vicinity of the catalyst of the cathode electrode 
becomes high. Since many H 2 0 molecules are always 
present in the vicinity of the catalyst of the second 
electrode, which serves as a cathode electrode, when 
CO contained in an analyte gas is depleted, CO having 
adsorbed onto the catalyst can desorb immediately, so 
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that responsiveness is improved. 

[0029] (4) The invention of claim 3 is characterized in 

that the DC voltage is equal to or lower than 1200 mV. 

[0030] The present invention shows a preferable range of 

the DC voltage. When the DC voltage is set to a level 
higher than 1200 mV, the hydrogen concentration on the 
first electrode becomes excessively low, so that 
corrosion of carbon and catalyst used in the 
electrodes occurs. Therefore, the impedance becomes 
unstable, and responsiveness deteriorates. Further, 
durability of the gas sensor deteriorates. Therefore, 
the above -de scribed range is preferred. 

[0031] (5) The invention of claim 5 is characterized by 

comprising a proton conductive layer which conducts 
protons; a diffusion-rate determining portion for 
determining the rate of diffusion of an analyte gas; a 
measurement chamber communicating with an atmosphere 
of the analyte gas via the diffusion-rate determining 
portion; a first electrode accommodated in the 
measurement chamber, the first electrode being in 
contact with the proton conductive layer and including 
electro -chemically active catalyst; and a second 
electrode provided outside the measurement chamber, 
the second electrode being in contact with the proton 
conductive layer and including electro -chemically 
active catalyst, wherein a DC voltage is applied 
between the first and second electrodes such that the 
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first electrode is higher in electrical potential than 
the second electrode, to thereby pump hydrogen or 
protons, an AC voltage is applied between the first 
and second electrodes so as to measure an impedance 
between the first and second electrodes, and a 
concentration of a catalyst poison gas contained in 
the analyte gas is obtained on the basis of the 
impedance . 

[0032] In the present invention, the concentration of the 

catalyst poison gas can be detected by measuring the 
impedance while pumping hydrogen or protons . That is , 
in the present invention, a diffusion-rate determining 
portion is provided, and a DC voltage is applied 
between the first and second electrodes such that the 
first electrode is higher in electrical potential than 
the second electrode, to thereby pump hydrogen or 
protons , whereby the hydrogen concentration in the 
measurement chamber is lowered. Therefore, in the case 
where the catalyst poison gas is CO, at the anode 
electrode side (first electrode side), a shift 
reaction of CO caused by H 2 0, which is shown in the 
formula (A) below, is accelerated, so that CO can 
react. That is, when the DC voltage between the first 
and second electrodes is set to a level sufficient for 
causing CO to react, CO can consistently react in 
accordance with the formula (A) , whereby the catalyst 
of the anode electrode (first electrode) is prevented 
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from being influenced by CO poisoning. 

[0033] Through application of an AC voltage between the 

first and second electrodes, a change in hydrogen 
oxidation reaction at the catalyst of the cathode 
electrode (second electrode), the change occurring 
with concentration of a catalyst poison gas, is 
measured from the impedance between the first and 
second electrodes. According, the concentration of the 
catalyst poison gas can be measured, without being 
influenced by poisoning of the electrode by the 
catalyst poison gas. Moreover, since a DC voltage is 
applied to the proton conductive layer, H 2 0 can be 
pumped together with hydrogen so as to bias H 2 0 toward 
the second electrode (cathode electrode). Therefore, 
the catalyst poison gas and H 2 0 can always react on the 
catalyst of the second electrode, whereby 
responsiveness is improved. 

[0034] CO + H 2 0 -» C0 2 + H 2 (A) 

[0035] (6) The invention of claim 6 is characterized by 

comprising a proton conductive layer which conducts 
protons; a diffusion-rate determining portion for 
determining the rate of diffusion of an analyte gas; a 
measurement chamber communicating with an atmosphere 
of the analyte gas via the diffusion-rate determining 
portion; a first electrode accommodated in the 
measurement chamber, the first electrode being in 
contact with the proton conductive layer and including 
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electro-chemically active catalyst; and a second 
electrode and a reference electrode provided outside 
the measurement chamber, the second and reference 
electrodes being in contact with the proton conductive 
layer and including electro-chemically active catalyst, 
wherein, in a first operation step, a DC voltage is 
applied between the first and second electrodes such 
that the first electrode is higher in electrical 
potential than the second electrode and such that a 
predetermined potential difference is produced between 
the first electrode and the reference electrode; and 
in a second operation step, a DC voltage is applied 
between the first and second electrodes so as to pump 
hydrogen or protons, and an AC voltage is applied 
between the first and second electrodes so as to 
measure an impedance between the first and second 
electrodes; and a concentration of a catalyst poison 
gas contained in the analyte gas is obtained on the 
basis of the impedance obtained in the second 
operation step. 
[0036] In the present invention, operation is performed 

in two steps; i.e., a step for applying a DC voltage 
between the first and second electrodes such that a 
predetermined potential difference is produced between 
the first electrode and the reference electrode, and a 
step for applying an AC voltage between the first and 
second electrodes so as to measure an impedance 



14 



between the first and second electrodes. Accordingly, 
the present invention can provide effects similar to 
those attained by the invention of claim 5. Further, 
since impedance measurement can be performed in a 
state in which the hydrogen concentration of the 
measurement chamber has become constant, even when the 
hydrogen concentration changes, the concentration of 
the catalyst poison gas can be accurately measured. 

[0037] (7) The invention of claim 7 is characterized in 

that the second electrode serves as the reference 
electrode, and the second electrode and the reference 
electrode are integrated into a single member. 

[0038] In the present invention, since the second 

electrode and the reference electrode are integrated 
into a single member, the sensor structure can be 
simplified. 

[0039] (8) The invention of claim 8 is characterized in 

that the potential difference between the first 
electrode and the reference electrode is equal to or 
greater than a potential for oxidation of the catalyst 
poison gas. 

[0040] When the potential difference between the first 

electrode and the reference electrode is greater than 
a potential for oxidation of the catalyst poison gas 
as in the present invention, the voltage between the 
first and second electrodes can be made equal to or 
higher than a voltage at which the catalyst poison gas 
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such as CO is oxidized. Therefore, for example, CO 
becomes possible to react on the catalyst of the first 
electrode in accordance with the above-described 
formula (A) , whereby occurrence of irreversible 
poisoning by the catalyst poison gas is prevented. 

[0041] (9) The invention of claim 9 is characterized in 

that the potential difference between the first 
electrode and the reference electrode is equal to or 
higher than 250 mV. 

[0042] In the present invention, since the potential 

difference is equal to or higher than 250 mV, the 
voltage between the first and second electrodes can be 
made equal to or higher than a voltage at which the 
catalyst poison gas is oxidized. Therefore, the 
catalyst poison gas reacts on the catalyst of the 
first electrode, whereby occurrence of irreversible 
poisoning by the catalyst poison gas can be prevented. 

[0043] In particular, the potential difference between 

the first electrode and the reference electrode is 
preferably set to 400 mV or higher. That is, when the 
potential difference between the first electrode and 
the reference electrode is set to 400 mV or higher, 
all the catalyst poison gas such as CO can be caused 
to react, whereby occurrence of irreversible poisoning 
by CO, etc. can be prevented. 

[0044] Notably, the upper limit potential is preferably 

set to a potential not higher than the dissociation 
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potential of water (e.g., not higher than 1000 mV) in 
order to prevent generation of error at the time of 
measurement . 

[0045] (10) The invention of claim 10 is characterized in 

that the AC voltage is applied between the first and 
second electrodes so as to measure the impedance in a 
state in which a DC voltage is applied between the 
first and second electrodes. 

[0046] The present invention exemplifies a type of 

voltage (power source) applied between the first and 
second electrodes. That is, when an AC voltage is 
applied between the first and second electrodes so as 
to measure the impedance in a state in which a DC 
voltage is applied between the first and second 
electrodes, a reaction as shown in the above-described 
formula (A) always occurs on the catalyst of the first 
electrode (anode electrode), so that the concentration 
of the catalyst poison gas can be obtained without 
being influenced by poisoning by the catalyst poison 
gas . 

[0047] (11) The invention of claim 11 is characterized in 

that the DC voltage applied between the first 
electrode and the second electrode is equal to or 
higher than a voltage for oxidation of the catalyst 
poison gas . 

[0048] When the DC voltage applied between the first 

electrode and the second electrode is set equal to or 
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higher than the voltage for oxidation of the catalyst 
poison gas as in the present invention, the catalyst 
poison gas becomes possible to react on the catalyst 
of the first electrode, whereby occurrence of 
irreversible poisoning by the catalyst poison gas is 
prevented. 

[0049] (12) The invention of claim 12 is characterized in 

that the DC voltage applied between the first 
electrode and the second electrode is equal to or 
higher than 400 mV. 

[0050] In the present invention, since the DC voltage 

applied between the first electrode and the second 
electrode is equal to or higher than 400 mV, the 
voltage between the first and second electrodes 
becomes equal to or higher than a voltage at which the 
catalyst poison gas is oxidized. Therefore, the 
catalyst poison gas reacts on the catalyst of the 
first electrode, whereby occurrence of irreversible 
poisoning by the catalyst poison gas is prevented. 

[0051] In particular, when a DC voltage of 550 mV or 

higher is applied between the first electrode and the 
second electrode, pumping of hydrogen or protons is 
accelerated, whereby the hydrogen concentration in the 
measurement chamber can be lowered to a sufficient 
degree. Therefore, all the catalyst poison gas can be 
caused to react , whereby the concentration of the 
catalyst poison gas (e.g., CO gas) can be accurately 
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measured without being influenced by poisoning by CO, 
etc. 

[0052] Notably, the upper limit voltage is preferably set 

to a voltage not higher than the dissociation voltage 
of water (e.g., not higher than 1200 mV) in order to 
prevent generation of error at the time of measurement . 

[0053] (13) The invention of claim 13 is characterized in 

that the lower limit value of the AC voltage which is 
applied between the first electrode and the second 
electrode in a state in which the DC voltage is 
applied between the first electrode and the second 
electrode is equal to or higher than a voltage for 
oxidation of the catalyst poison gas. 

[0054] According to the present invention, the lower 

limit value of the applied voltage is made equal to or 
higher than the oxidation voltage of the catalyst 
poison gas. Therefore, the catalyst poison gas always 
reacts on the catalyst of the first electrode, the 
concentration of the catalyst poison gas (e.g., CO 
gas) can be accurately measured without being 
influenced by poisoning by the catalyst poison gas. 

[0055] (14) The invention of claim 14 is characterized in 

that the lower limit value of the AC voltage is 400 mV 
or higher. 

[0056] In the present invention, since the lower limit 

value of the AC voltage is set to 400 mV or higher, 
the voltage between the first and second electrodes 
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becomes equal to or higher than the oxidation voltage 
of the catalyst poison gas, whereby occurrence of 
poisoning by CO, etc. can be prevented. Notably, the 
upper limit voltage of the lower limit value of the AC 
voltage is preferably set to a voltage not higher than 
the dissociation voltage of water (e.g., not higher 
than 1200 mV) in order to prevent generation of error 
at the time of measurement. 
[0057] (15) The invention of claim 15 is characterized in 

that a current which flows upon application of voltage 
between the first and second electrodes is a limiting 
current . 

[0058] In the present invention, the hydrogen 

concentration on the first electrode is further 
lowered through pumping of hydrogen to a degree 
corresponding to the limiting current. Therefore, the 
reaction of the above -described formula (A) can be 
caused to occur in a more stable manner. 

[0059] In the present invention, an upper limit current 

to which current reaches as a result of application of 
increasing voltage is referred to as "limiting 
current." In the present invention, since AC current 
is applied between the electrodes, the average of 
changing current over a single period is referred to 
as "limiting current." 

[0060] (16) The invention of claim 16 is characterized in 

that a hydrogen concentration of the analyte gas is 
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obtained from the limiting current. 

[0061] Since the above-mentioned limiting current changes 

with the hydrogen concentration, the hydrogen 
concentration can be measured from the limiting 
current . That is , a voltage is applied between the 
first and second electrodes such that the first 
electrode is higher in electrical potential than the 
second electrode, hydrogen is dissociated to protons 
on the first electrode, the protons are pumped toward 
the second electrode via the proton conductive layer, 
and the protons becomes hydrogen, which is diffused to 
the analyte gas atmosphere. At that time, the current 
flowing between the first and second electrodes 
(limiting current (the average of changing current 
over a single period) ) is proportional to the hydrogen 
concentration. Therefore, the hydrogen concentration 
can be measured through measurement of the current . 

[0062] (17) The invention of claim 17 is characterized in 

that the catalyst contained in the first electrode is 
a catalyst capable of adsorbing the catalyst poison 
gas contained in the analyte gas and generating 
hydrogen or protons through decomposition, 
dissociation, or reaction with a hydrogen -containing 
substance. 

[0063] The present invention exemplifies the catalyst. 

That is, when the catalyst as mentioned above is used, 
the catalyst poison gas such as CO can be caused to 
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react in accordance with, for example, the above - 
described formula (A) , whereby occurrence of 
irreversible poisoning by CO, etc. can be prevented. 

[0064] Platinum and/or gold can be used as the catalyst. 

High sensor sensitivity can be obtained by use of 
platinum or gold. In particular, use of an alloy or 
mixture of platinum and gold is preferred, because the 
sensor sensitivity becomes higher. 

[0065] (18) The invention of claim 18 is characterized in 

that the concentration of the catalyst poison gas 
contained in the analyte gas is obtained on the basis 
of the impedance measured through application of AC 
voltages of different frequencies between the first 
and second electrodes. 

[0066] The impedance between the first and second 

electrodes changes depending not only on the catalyst 
poison gas, but also on other gases (e.g., H 2 0) , 
temperature, etc. Therefore, the impedance between the 
first and second electrodes is represented by the sum 
of impedance Zl which changes depending on the 
catalyst poison gas, and impedance Z2 which is 
associated with other components (e.g., H 2 0) . 

[0067] Measurable impedance changes depending on the 

frequency of AC voltage applied between the electrodes . 
For example, when the AC voltage is of a low frequency 
of about 1 Hz, the total impedance Z1 + Z2 can be 
measured. Meanwhile, the AC voltage is of a high 
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frequency of about 5 Hz, only the impedance Z2 can be 
measured. 

[0068] Accordingly, the impedance Zl corresponding only 

to the concentration of the catalyst poison gas is 
obtained from the difference between the impedance 
Z1+Z2 measured at the low frequency and the impedance 
Z2 measured at the high frequency. In this manner, on 
the basis of the impedances measured through 
application of AC voltage at different frequencies, 
the concentration of the catalyst poison gas can be 
accurately obtained, while disturbances by H 2 0, etc. 
are eliminated. 

[0069] In particular, in a system of fuel cells, H 2 0 

concentration changes depending on operating 
conditions, and the impedance changes accordingly. 
Therefore, performing correction (H 2 0 correction) for 
eliminating the above-mentioned disturbances is 
preferred. 

[0070] More preferably, the following procedure is 

employed. The phase angles of the impedance Z1+Z2 
measured at the low frequency and the impedance Z2 
measured at the high frequency are measured so as to 
obtain the respective real parts and imaginary parts 
of Z1+Z2 and Z2. Subsequently, the difference between 
the real part of Z1+Z2 and the real part of Z2 and the 
difference between the imaginary part of Z1+Z2 and the 
imaginary part of Z2 are obtained. By use of the 
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differences of the real parts and the imaginary parts, 
impedance components are obtained through calculation 
of obtaining respective root -sum- square values. Thus, 
the impedance Zl, which is the difference between the 
impedance Z1+Z2 and the impedance Z2, can be obtained 
more accurately. 

[0071] Notably, here, an example case in which the 

impedance difference is obtained has been described. 
However, correction may be performed through 
calculation using Z2, and the correction method is not 
limited thereto. 

[0072] (19) The invention of claim 19 is characterized in 

that the impedance measured through application of AC 
voltages of different frequencies includes two 
impedances which are measured through application of 
an AC voltage having a switching waveform composed of 
alternating waveforms of two different frequencies. 

[0073] In the present invention, since AC voltage having 

a switching waveform composed of alternating waveforms 
of two different frequencies is applied, two 
impedances can be measured simultaneously through use 
of a single circuit. Therefore, the apparatus can be 
simplified. 

[0074] (20) The invention of claim 20 is characterized in 

that the impedance measured through application of an 
AC voltages of different frequencies includes two 
impedances which are measured through application of 
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AC voltage having a composite waveform composed of 
waveforms of two different frequencies. 

[0075] In the present invention, since AC voltage having 

a composite waveform composed of waveforms of two 
different frequencies is applied, as in the case of 
the invention of claim 20, two impedances can be 
measured simultaneously through use of a single 
circuit. Therefore, the apparatus can be simplified. 

[0076] (21) The invention of claim 21 is characterized in 

that one of the two different frequencies falls within 
a range of 10000 Hz to 100 Hz, and the other frequency 
falls within a range of 10 Hz to 0.05 Hz. 

[0077] The present invention exemplifies frequency ranges 

in which the above-mentioned Z2 and Z1+Z2 can be 
obtained. By use of impedances measured in these 
frequency ranges, H 2 0 concentration dependency can be 
corrected, so that the concentration of the catalyst 
poison gas such as CO can be accurately measured. 

[0078] More preferably, one of the two different 

frequencies is 5 kHz, and the other frequency is 1 Hz . 

[0079] (22) The invention of claim 22 is characterized in 

that the AC voltage applied between the first and 
second electrodes is 5 mV or higher. 

[0080] The present invention exemplifies a range of the 

AC voltage in which impedance measurement is possible. 
Impedance measurement can be properly performed when 
the voltage is set to the voltage range. 
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[0081] The AC voltage is preferably in a range of 5 to 

300 mV because the sensitivity becomes high. More 
preferably, the AC voltage is set to 150 mV because 
the sensitivity becomes the highest. 

[0082] (23) The invention of claim 23 is characterized in 

that the catalyst used for the second electrode is a 
catalyst capable of adsorbing the catalyst poison gas 
contained in the analyte gas . 

[0083] The present invention exemplifies the catalyst 

used for the second electrode. When the catalyst as 
mentioned above is used, the catalyst poison gas such 
as CO can be properly adsorbed, so that the impedance 
changes. Thus, measurement of the catalyst poison gas 
such as CO becomes possible. 

[0084] As the catalyst, a catalyst containing at least 

platinum can be employed. Use of a catalyst containing 
platinum enables proper measurement of the catalyst 
poison gas such as CO. 

[0085] (24) The invention of claim 24 is characterized in 

that the density of the catalyst used for the 
electrodes falls within a range of 0.1 jig/cm 2 to 10 
mg/cm 2 . 

[0086] The present invention exemplifies the density of 

the catalyst used for the electrodes. In the sensor of 
the present invention in which the impedance is 
measured, its sensitivity can be changed by freely 
changing the catalyst quantity. Therefore, measurement 
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of the catalyst poison gas such as CO can be performed 
in an arbitrary concentration range. 

[0087] In particular, the density of the catalyst 

preferably falls within a range of 1 jxg/cm 2 to 1 mg/cm 2 . 
That is, when the catalyst quantity is excessively 
decreased, the zero point increases, so that the SN 
ratio, which is the ratio between the sensitivity and 
the zero point, deteriorates. Meanwhile, when the 
catalyst quantity is excessively increased, the 
sensitivity lowers, so that the SN ratio deteriorates. 
Accordingly, when the density of the catalyst is set 
to fall within this range, measurement of the catalyst 
poison gas such as CO can be performed without 
deteriorating the SN ratio. 

[0088] (25) The invention of claim 2 5 is characterized in 

that the catalyst poison gas is CO or a sulfur- 
containing substance . 

[0089] The present invention exemplifies the catalyst 

poison gas whose concentration can be measured by use 
of the gas sensor. That is, CO or a sulfur-containing 
substance (e.g., H 2 S) can be properly measured by use 
of the gas sensor of the present invention. 

[0090] Further, the gas sensor of the present invention 

can be used in an atmosphere in which at least a 
catalyst poison gas such as CO and hydrogen are 
present . 
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[0091] BRIEF DESCRIPTION OF DRAWINGS 

[0092] FIG. 1 is an explanatory cross sectional view 

showing a gas sensor of Embodiment 1; 
[0093] FIG. 2 is an explanatory cross sectional view 

showing a gas sensor of Embodiment 2; 
[0094] FIG. 3 is an explanatory cross sectional view 

showing a gas sensor of Embodiment 3; 
[0095] FIG. 4 is an explanatory cross sectional view 

showing a gas sensor of Embodiment 4; 
[0096] FIG. 5 is an explanatory cross sectional view 

showing a gas sensor of Embodiment 5; 
[0097] FIG. 6 is a graph showing change in impedance with 

change in CO concentration as measured in Experimental 

Example 1 ; 

[0098] FIG. 7 is a graph showing change in impedance with 

change in CO concentration as measured in Experimental 
Example 2 ; 

[0099] FIG. 8 is a graph showing time-cause change in 

impedance ratio with change in CO concentration as 

measured in Experimental Example 3 ; 
[0100] FIG. 9 is a graph showing change in impedance with 

change in CO concentration as measured in Experimental 

Example 4 ; 

[0101] FIG. 10 is a graph showing change in impedance 

with change in CO concentration as measured in 
Experimental Example 5; 

[0102] FIG. 11 is graph showing the relation between DC 
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voltage Vp and DC current Ip as measured in 

Experimental Example 6; 
[0103] FIG. 12 is graph showing the relation between DC 

voltage Vp and DC current Ip as measured in 

Experimental Example 6; 
[0104] FIG. 13 is graph showing the relation between set 

voltage Vs and DC current Ip as measured in 

Experimental Example 7; 
[0105] FIG. 14 is graph showing the relation between set 

voltage Vs and DC current Ip as measured in 

Experimental Example 8; 
[0106] FIG. 15 is a graph showing change in impedance 

with change in CO concentration as measured in 

Experimental Example 8 ; 
[0107] FIG. 16A is a block diagram for the case where 

different frequencies are used, and FIG. 16B shows a 

combined waveform thereof ; 
[0108] FIG. 17A is an another block diagram for the case 

where different frequencies are used, and FIG. 17B 

shows a combined waveform thereof ; 
[0109] FIG. 18 is a graph showing the relation between 

measurement frequency and sensitivity as measured in 

Experimental Example 9 ; 
[0110] FIG. 19 is a graph showing the relation between 

measurement frequency and impedance as measured in 

Experimental Example 9; 
[0111] FIG. 20 is a graph showing the relation between AC 
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voltage and sensitivity as measured in Experimental 
Example 10; and 
[0112] FIG. 21 is a graph showing the relation between CO 

concentration and impedance as measured in 
Experimental Example 11. 

[0113] BEST MODE FOR CARRYING OUT THE INVENTION 

[0114] Next, examples (embodiments) of the best mode of 

the present invention will be described. 
[0115] [Embodiment 1] 

[0116] The present embodiment exemplifies a gas sensor 

used for measurement of concentrations of carbon 
monoxide (CO) and hydrogen contained in a fuel gas for 
polymer-electrolyte-type fuel cells . 

[0117] a) First, the structure of the gas sensor of 

Embodiment 1 will be described with reference to FIG. 
1. Notably, FIG. 1 is a longitudinal cross section of 
the gas sensor. 

[0118] As shown in FIG. 1, in the gas sensor of the 

present embodiment, plate- shaped first and second 
electrodes 3 and 5 are formed on the opposite sides of 
a plate- shaped proton conductive layer 1 to face each 
other. The first and second electrodes 3 and 5 are 
sandwiched between plate -shaped first and second 
support members 7 and 9. The first and second 
electrodes 3 and 5 are connected to an electric 
circuit 15 via lead portions 11 and 13, respectively. 
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so as to enable measurement of the Impedance between 
the electrodes 3 and 5. These constituent elements 
will be described in detail. 

[0119] The proton conductive layer 1 is preferably formed 

of a material which operates at relatively low 
temperature, and for example, Nafion (trademark of 
DuPont), which is a fluorine-based resin, can be 
employed. No limitation is imposed on the thickness of 
the proton conductive layer 1 . In the present 
embodiment, Nafion 117 film (trade name) is used. 

[0120] A porous electrode made of carbon and carrying a 

catalyst such as Pt can be used as the first and 
second electrodes 3 and 5. Alternatively, a material 
obtained through mixing Pt black, Pt powder, or the 
like with Nafion solution may be used, and Pt foil or 
Pt plate may used. Further, an alloy containing a 
catalyst component may be used. Notably, any catalyst 
can be used, so long as a selected catalyst is 
electro -chemically active. The electro -chemically 
active catalyst refers to a catalyst which can 
electro -chemically adsorb CO and H 2 and oxidize them. 

[0121] A first aperture 16 and a second aperture 17 are 

formed in the first support member 7 and the second 
support member 9, respectively, so as to expose the 
first and second electrodes 3 and 5 to an analyte-gas 
atmosphere. Each of the first aperture 16 and the 
second aperture 17 preferably has a shape for 
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facilitating gas diffusion, and may be composed of a 
single hole or a plurality of holes. Further, a gas 
diffusion flow passage may be formed so as to 
facilitate gas diffusion. 

[0122] Each of the first and second support members 7 and 

9 is preferably formed of a ceramic such as alumina or 
an insulating material such as resin. However, the 
first and second support members 7 and 9 may be formed 
of a metal such as stainless steel, if they are 
electrically insulated. An operable sensor can be 
obtained through a simple assembly in which the two 
electrodes 3 and 5 are physically sandwiched between 
the two support members 7 and 9 , and thus are brought 
into contact with the proton conductive layer 1 . 
Alternatively these elements may be joined together by 
means of hot press. 

[0123] Notably, the outer surfaces (surfaces opposite the 

proton conductive layer 1) of the first and second 
electrodes 3 and 5 are airtightly covered with the 
first and second support members 7 and 9, respectively, 
so that the outer surfaces are exposed to the analyte- 
gas atmosphere only through the apertures 16 and 17. 

[0124] The electric circuit 15 includes an AC power 

supply 19 for applying AC voltage between the 
electrodes 3 and 5; an AC voltmeter 21 for measuring 
AC voltage (AC effective voltage V) which is the 
potential difference between the electrodes 3 and 5; 
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and an AC ammeter 23 for measuring current (AC 
effective current I) which flows between the 
electrodes 3 and 5 . 
[0125] Although not illustrated, in the present 

embodiment, electronic components (e.g., a 
microcomputer) for calculating an impedance from the 
AC effective voltage V and the AC effective current I 
are used. 

[0126] b) Next, the measurement principle of the gas 

sensor of the present embodiment will be described. 

[0127] When the gas sensor is disposed in a fuel gas, a 

catalyst poison gas such as CO having reached the 
first electrode 3 and the second electrode 5 is 
adsorbed onto respective catalysts of the first 
electrode 3 and the second electrode 5. Therefore, 
active sites, at which H 2 on the catalysts are changed 
to protons, are covered with the catalyst poison gas. 

[0128] The adsorption and desorption of the catalyst 

poison gas reach an equilibrium state in the analyte- 
gas atmosphere, and the number of covered active sites 
depends on the concentration of the catalyst poison 
gas. That is, since the equilibrium coverage ratio of 
the active sites of the catalysts changes depending on 
the concentration of the catalyst poison gas, the 
impedance (between the electrodes 3 and 5) stemming 
from a hydrogen oxidation reaction of "H 2 -* 2H + + 2e~" 
changes. Therefore, the concentration of the catalyst 
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poison gas such as CO can be measured through 
detection of a change in the impedance . 
[0129] Specifically, the impedance (Z) can be obtained in 

accordance with the following equation (B) by use of 
the AC effective voltage V, which is applied between 
the first electrode 3 and the second electrode 5 and 
which is measured by means of the AC voltmeter 21, and 
the AC effective current I, which flows between the 
first electrode 3 and the second electrode 5 and which 
is measured by means of the AC ammeter 23. 
[0130] Impedance Z = V/I (B) 

[0131] Since the impedance corresponds to the 

concentration of the catalyst poison gas, the 
concentration of the catalyst poison gas can be 
obtained from the impedance by making use of, for 
example, a map which defines the relation between 
impedance and concentration of the catalyst poison gas 
(e.g., CO ) . 

[0132] c) Next, effects of the gas sensor of the present 

embodiment will be described. 

[0133] As described above, in the gas sensor of the 

present embodiment having the above -described 
structure, an AC voltage is applied between the 
electrodes 3 and 5, and an impedance is obtained from 
an AC effective voltage V and an AC effective current 
I measured at that time, whereby the concentration of 
the catalyst poison gas can be measured from the 
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impedance . 

[0134] In the present embodiment, since the concentration 

of the catalyst poison gas is obtained by use of 
impedance generated upon application of AC voltage, 
rather than by use of resistance which is obtained 
from DC current as in the conventional techniques, the 
gas sensor has an advantage of excellent 
responsiveness . 

[0135] Moreover, since poisoning occurs when the 

introduced catalyst poison gas such as CO is not 
desorbed after having been adsorbed onto the catalyst. 
Therefore, through establishment of a state in which 
the catalyst poison gas can always react as in the 
present invention, occurrence of irreversible 
poisoning can be prevented. Therefore, the gas sensor 
of the present embodiment enables reversible, 
continuous measurement of concentration of the 
catalyst poison gas, without requiring recovery means 
such as a heater. 

[0136] [Embodiment 2] 

[0137] Next, Embodiment 2 will be described; however, 

descriptions of portions similar to those of the 
above-described Embodiment 1 will be simplified. 

[0138] a) First, the structure of the gas sensor of 

Embodiment 2 will be described with reference to FIG. 
2. Notably, FIG. 2 is a longitudinal cross section of 
the gas sensor. 
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[0139] As shown in FIG. 2, as in the gas sensor of 

Embodiment 1, the gas sensor of the present embodiment 
has first and second electrodes 33 and 35 which are 
formed on opposite sides of a proton conductive layer 
31 to face each other, and the first and second 
electrodes 33 and 35 are sandwiched between first and 
second support members 37 and 39. The first and second 
electrodes 33 and 35 are connected to an electric 
circuit 4 5 via lead portions 41 and 43, respectively, 
so as to enable measurement of the impedance between 
the electrodes 33 and 35. 

[0140] In particular, in the present embodiment, the 

first support member 37 and the electric circuit 45 
have configurations different from those in Embodiment 
1. 

[0141] That is, in the present embodiment, although an 

aperture 47 for establishing communication between an 
analyte-gas atmosphere and the second electrode 35 is 
provided in the second support member 39, such an 
aperture is not provided in the first support member 
37, so that the first support member 37 isolates the 
first electrode 33 from the analyte-gas atmosphere. 

[0142] The electric circuit 45 includes an AC power 

supply 49 for applying AC voltage between the 
electrodes 33 and 35; a DC power source 51 for 
applying DC voltage between the electrodes 33 and 35 
(such that the first electrode 33 assumes positive 
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polarity) ; an AC voltmeter 53 for measuring AC voltage 
(AC effective voltage V) between the electrodes 33 and 
35; and an AC ammeter 55 for measuring current (AC 
effective current I) which flows between the 
electrodes 33 and 35. 

[0143] b) Next, the measurement principle of the gas 

sensor of the present embodiment will be described. 

[0144] When the gas sensor is disposed in a fuel gas, a 

catalyst poison gas such as CO having reached the 
second electrode 35 is adsorbed onto the catalyst of 
the second electrode 35. Therefore, active sites, at 
which H 2 on the catalysts is changed to protons, are 
covered with the catalyst poison gas . 

[0145] As in the case of Embodiment 1, the adsorption and 

desorption of the catalyst poison gas reach an 
equilibrium state in the analyte-gas atmosphere, and 
the number of covered active sites depends on the 
concentration of the catalyst poison gas. That is, 
since the equilibrium coverage ratio of the active 
sites of the catalysts changes depending on the 
concentration of the catalyst poison gas, the 
impedance stemming from the reaction of "H 2 — * 2H + + 2e~ 
" changes. Therefore, the concentration of the 
catalyst poison gas such as CO can be measured through 
obtainment of a change in the impedance, which is 
obtained in accordance with the above -described 
equation (B) and by use of the AC effective voltage V 
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and the AC effective current I . 

[0146] c) Next, effects of the gas sensor of the present 

embodiment will be described, 

[0147] The gas sensor of the present embodiment achieves 

advantageous effects similar to those attained by the 
gas sensor of Embodiment 1. Further, since the first 
electrode 33 is shielded from the analyte-gas 
atmosphere, the catalyst content of the first 
electrode 33 can be increased, and the catalyst 
content of the second electrode 35, which comes into 
contact with the analyte-gas atmosphere, can be 
decreased. Therefore, in the gas sensor of the present 
embodiment, responsiveness can be improved, while 
deterioration of an SN ratio, which is the ratio 
between sensitivity and the zero point, is suppressed. 

[0148] Moreover, in the present embodiment, DC voltage is 

applied between the first and second electrodes 33 and 
35 such that the first electrode 33 assumes positive 
polarity and the second electrode 35 assumes negative 
polarity. By virtue of this, a large quantity of H 2 0 
is always present in the vicinity of the catalyst of 
the second electrode, which serves as a cathode 
electrode. Therefore, when, for example, CO contained 
in the analyte gas has been depleted, CO having 
adsorbed onto the catalyst can be desorbed immediately, 
so that responsiveness is improved. 

[0149] [Embodiment 3] 
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[0150] Next, Embodiment 3 will be described; however, 

descriptions of portions similar to those of the 
above -described Embodiment 2 will be simplified. 

[0151] a) First, the structure of the gas sensor of 

Embodiment 3 will be described with reference to FIG. 
3. Notably, FIG. 3 is a longitudinal cross section of 
the gas sensor. 

[0152] As shown in FIG. 3, as in the gas sensor of 

Embodiment 2 , the gas sensor of the present embodiment 
has first and second electrodes 73 and 75 which are 
formed on opposite sides of a proton conductive layer 
71 to face each other, and the first and second 
electrodes 73 and 75 are sandwiched between first and 
second support members 79 and 81. The first and second 
electrodes 73 and 75 are connected to an electric 
circuit 65 via lead portions 61 and 63, respectively, 
so as to enable measurement of the impedance between 
the electrodes 73 and 75. 

[0153] In particular, in the present embodiment, the 

first support member 79 has a configuration which 
greatly differs from that in Embodiment 2. 

[0154] In the present embodiment, a diffusion-rate- 

determining hole 77 is provided in the first support 
member 79 so as to determine the rate of diffusion of 
an analyte gas, which is introduced from the outside 
of the gas sensor into a measurement chamber 83 (in 
which the first electrode 73 is accommodated) . 
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Meanwhile, an aperture 85 similar to that in 
Embodiment 2 is provided in the second support member 
81. Pumping of protons (H + ) from the first electrode 
73 to the second electrode 75 via the proton 
conductive layer 71 is performed. 

[0155] The electric circuit 65 includes an AC power 

supply 89 for applying AC voltage between the 
electrodes 73 and 75; a DC power source 87 for 
applying DC voltage between the electrodes 73 and 75 
(such that the first electrode 73 assumes positive 
polarity) ; an AC voltmeter 91 for measuring AC voltage 
(AC effective voltage V) between the electrodes 73 and 
75; and an ammeter 93 for measuring current (AC 
effective current I and DC current) which flows 
between the electrodes 73 and 75. 

[0156] b) Next, the measurement principle of the gas 

sensor of the present embodiment will be described. 

[0157] When the gas sensor is disposed in a fuel gas, 

hydrogen and a catalyst poison gas having reached the 
first electrode 73 via the diffusion-rate determining 
hole 77 becomes protons upon application of voltage 
between the first electrode 73 and the second 
electrode 75, and the protons are pumped toward the 
second electrode 75 via the proton conductive layer 71. 

[0158] Accordingly, the impedance associated with pumping 

out of protons is obtained in accordance with the 
above -described equation (B) and by use of the AC 



40 



effective voltage V between the first electrode 73 and 
the second electrode 75 and the AC effective current I 
flowing between the first electrode 73 and the second 
electrode 75. 

[0159] Since the impedance component associated with 

proton pumping changes with the concentration of the 
catalyst poison gas such as CO, the concentration of 
the catalyst poison gas can be obtained through 
measurement of a change in the impedance component . 

[0160] Notably, protons which have been generated on the 

first electrode 73 upon application of voltage thereto 
and pumped to the second electrode 75 via the proton 
conductive layer 71 become hydrogen on the second 
electrode 75, and the thus-produced hydrogen diffuses 
into the analyte-gas atmosphere. 

[0161] c) Next, effects of the gas sensor of the present 

embodiment will be described. 

[0162] In the gas sensor of the present embodiment, as 

described above, the impedance can be obtained from 
the AC effective voltage V measured by means of the AC 
voltmeter 91 and the AC effective current I measured 
by means of the ammeter 93, and the concentration of 
the catalyst poison gas can be obtained from the 
impedance with high accuracy and high responsiveness . 

[0163] Since the state in which CO introduced into the 

measurement chamber 83 can always react is established, 
occurrence of irreversible poisoning is prevented. 
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This eliminates the necessity of recovery means such 
as a heater, and enables reversible, continuous 
measurement of CO. 

[0164] Moreover, since the current flowing between the 

first electrode 73 and the second electrode 75 is the 
limiting current, the reaction of the above-mentioned 
formula (A) can be caused to occur stably. Thus, CO 
concentration can be measured stably and accurately. 

[0165] In addition, since the limiting current flowing 

between the first electrode 73 and the second 
electrode 75 is proportional to the concentration of 
hydrogen within the measurement chamber 83, the 
concentration of hydrogen within the analyte gas can 
be obtained from the limiting current . 

[0166] [Embodiment 4] 

[0167] Next, Embodiment 4 will be described; however, 

descriptions of portions similar to those of the 
above -described Embodiment 3 will be simplified. 

[0168] a) First, the structure of the gas sensor of 

Embodiment 4 will be described with reference to FIG. 
4. Notably, FIG. 4 is a longitudinal cross section of 
the gas sensor. 

[0169] As shown in FIG. 4 , as in the gas sensor of 

Embodiment 3, the gas sensor of the present embodiment 
has a proton conductive layer 101, a first electrode 
103, a second electrode 105, a diffusion-rate- 
determining hole 107, a first support member 109, a 
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second support member 111, a measurement chamber 113, 
an aperture 115, an electric circuit 116, etc. 

[0170] In particular, in the present embodiment, in 

addition to the first electrode 103 and the second 
electrode 105, a reference electrode 117 is provided 
outside the measurement chamber 113, which 
accommodates the first electrode 103. That is, the 
reference electrode 117 is disposed in a small chamber 
118 provided in the second support member 111, such 
that the reference electrode 117 is in contact with 
the proton conductive layer 101 and is separated from 
the second electrode 105. 

[0171] The reference electrode 117 is formed so as to 

reduce the influence of change in concentration of 
hydrogen contained in the analyte gas. Preferably, the 
reference electrode 117 is caused to serve as a self- 
generation reference electrode so as to further 
stabilize the hydrogen concentration at the reference 
electrode 117. The reference electrode 117 serves as a 
self-generation reference electrode when a constant 
small current is caused to flow from the first 
electrode 103 or the second electrode 105 to the 
reference electrode 117, and a portion of hydrogen gas 
having flown is caused to leak to the outside via a 
predetermined leak resistant portion (e.g., a very 
small hole ) . 

[0172] In the present embodiment, the electric circuit 
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116 operates as follows. A DC power source 119 applies 
DC voltage between the first electrode 103 and the 
second electrode 105. An AC power supply 121 applies 
AC voltage between the first electrode 103 and the 
second electrode 105. An AC voltmeter 123 measures AC 
effective voltage V between the first electrode 103 
and the second electrode 105. An ammeter 125 measures 
AC effective current I and DC current flowing between 
the first electrode 103 and the second electrode 105. 
[0173] Further, the electric circuit 116 includes a 

switching element 127 in order to selectively connect 
the terminal on the side of the second electrode 105 
to the terminal on the side of the AC power supply 121 
or the terminal on the side of the ammeter 125; i.e., 
in order to effect changeover between a state in which 
AC voltage is applied and a state in which AC voltage 
is not applied. 

[0174] In the present embodiment, the DC voltage applied 

between the first electrode 103 and the second 
electrode 105 is adjusted such that the potential 
difference Vs between the first electrode 103 and the 
reference electrode 117 attains a constant value (e.g., 
450 mV) equal to or higher than 400 mV. 

[0175] b) NextT the operation of the gas sensor of the 

present embodiment will be described. 

[0176] In the present embodiment, through changeover of 

the switching element 127, first and second steps are 
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alternately performed at prescribed intervals so as to 
measure the concentration of CO gas . 
[0177] Specifically, in the first step, a sufficiently 

high DC voltage is applied between the first electrode 
103 and the second electrode 105 such that the 
limiting current flows between the first electrode 103 
and the second electrode 105, whereby the potential 
difference between the first electrode 103 and the 
reference electrode 117 attains the above-mentioned 
constant value. In this state, current flowing between 
the first electrode 103 and the second electrode 105 
is measured. 

[0178] That is, in the present embodiment, since the DC 

voltage applied between the first electrode 103 and 
the second electrode 105 can be changed such that the 
potential difference between the first electrode 103 
and the reference electrode 117 becomes constant, 
optimal DC voltage is applied between the first 
electrode 103 and the second electrode 105. 
Specifically, when the resistance between the first 
electrode 103 and the second electrode 105 increases 
because of, for example, a change in the temperature 
of the analyte gas, a higher voltage is applied 
between the first electrode 103 and the second 
electrode 105; and when the resistance between the 
first electrode 103 and the second electrode 105 
decreases, a lower voltage is applied between the 
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first electrode 103 and the second electrode 105. 

[0179] Meanwhile, in the second step, while the above- 

described optimal DC voltage is applied between the 
first electrode 103 and the second electrode 105 to 
thereby pump hydrogen or protons, AC voltage is 
applied thereto so as to measure the impedance between 
the first electrode 103 and the second electrode 105. 

[0180] Accordingly, the present embodiment achieves not 

only the effects of the above -described Embodiment 3, 
but also the following effect . Through repeated and 
alternating execution of the first and second steps, 
the impedance between the first electrode 103 and the 
second electrode 105 can be measured with the hydrogen 
concentration within the measurement chamber 117 
maintained constant and without being affected by 
disturbances, and the concentration of the catalyst 
poison gas such as CO can be accurately detected on 
the basis of the impedance. 

[0181] [Embodiment 5] 

[0182] Next, Embodiment 5 will be described; however, 

descriptions of portions similar to those of the 
above -described Embodiment 4 will be simplified. 

[0183] a) First, the structure of the gas sensor of 

Embodiment 5 will be described with reference to FIG. 
5. Notably, FIG. 5 is a longitudinal cross section of 
the gas sensor. 

[0184] As shown in FIG. 5 , as in the gas sensor of 
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Embodiment 4 , the gas sensor of the present embodiment 
has a proton conductive layer 131, a first electrode 
133, a second electrode 135, a diffusion-rate- 
determining hole 137, a first support member 139, a 
second support member 141, a measurement chamber 143, 
an aperture 145, an electric circuit 146, etc. In 
particular, the present embodiment is characterized in 
that the second electrode 135 has a function of a 
reference electrode and is integrated with a reference 
electrode . 

[0185] In the present embodiment, the electric circuit 

146 operates as follows. A DC power source 147 applies 
DC voltage between the first electrode 133 and the 
second electrode 135. An AC power supply 148 applies 
AC voltage between the first electrode 133 and the 
second electrode 135. An AC voltmeter 150 measures AC 
effective voltage V between the first electrode 133 
and the second electrode 135. An ammeter 153 measures 
AC effective current I flowing between the first 
electrode 133 and the second electrode 135. 

[0186] Further, the electric circuit 146 includes a first 

switching element 149 and a second switching element 
151. The first switching element 149 selectively 
connects the common terminal on the side of the second 
electrode 135 to the terminal (A terminal) on the side 
of the first electrode 133 or the terminal (B 
terminal) on the side of the DC power source 147. The 
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second switching element 151 selectively connects the 
common terminal on the side of the second electrode 
135 (the positive side of the DC power source 147) to 
the terminal (C terminal) on the side of the ammeter 
153 or the terminal (D terminal) on the side of the AC 
power supply 148. 

[0187] In the present embodiment, the DC voltage applied 

between the first electrode 133 and the second 
electrode 135 serving as a reference electrode is 
adjusted such that the potential difference Vs between 
the first electrode 133 and the second electrode 135 
becomes a constant value (e.g., 450 mV) equal to or 
higher than 400 mV. 

[0188] b) Next, the operation of the gas sensor of the 

present embodiment will be described. 

[0189] • The potential difference (Vs) between the first 

electrode 133 and the second electrode 135 is measured 
in a state in which the common terminal of the first 
switching element 149 is connected to the A terminal. 

[0190] • Subsequently, the first switching element 149 is 

switched such that its common terminal is connected to 
the B terminal, and the common terminal of the second 
switching element 151 is connected to the C terminal. 
In this state, DC voltage is applied between the first 
electrode 133 and the second electrode 135 such that 
the measured potential difference between the first 
electrode 133 and the second electrode 135 becomes a 
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constant value (e.g., 450 mV) . 
[0191] • After elapse of a predetermined time, the second 

switching element 151 is switched such that its common 
terminal is connected to the D terminal so as to apply 
AC voltage between the first electrode 133 and the 
second electrode 135, while the previously-mentioned 
DC voltage is applied thereto. In this state, the 
impedance between the first electrode 133 and the 
second electrode 135 is measured by use of the above- 
mentioned impedance analyzer. 

[0192] • Since the impedance between the first electrode 

133 and the second electrode 135 changes depending on 
the concentration of the catalyst poison gas within 
the analyte gas, the concentration of the catalyst 
poison gas such as CO can be detected from the 
impedance . 

[0193] Accordingly, the present embodiment achieves not 

only the effects of the above -described Embodiment 4, 
but also an advantageous effect such that the 
structure of the sensor can be simplified. 

[0194] Next, experimental examples performed for 

confirming the effects of the present invention will 
be described. 

[0195] (Experimental Example 1) 

[0196] First, an experimental example performed for 

confirming the effects of Embodiment 1 will be 
described. 
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[0197] In Experimental Example 1, CO concentration 

measurement was performed by use of the gas sensor of 
Embodiment 1 shown in FIG. 1. 

[0198] Specifically, impedance measurement was performed 

under the conditions described below by use of an 
impedance analyzer (SI 1260 IMPEDANCE /GAIN -PHASE 
ANALYZER, PRODUCT OF SOLARTRON) . 

[0199] <<Measurement Conditions>> 

[0200] • Gas component: CO = 0 2 5 -» 10 -* 20 50 

-» 100 ->50->20^10-*5^2-h>0 ppm 

[0201] • Remaining gas components: H 2 = 35%; C0 2 = 15%; 

H 2 0 = 25%; and N 2 (balance) (volume %) 

[0202] • Gas temperature: 80°C 

[0203] • Gas flow rate: lOL/min 

[0204] • Electrode catalyst of the first electrode: Pt 

carrying carbon catalyst (catalyst density: 15 jxg/cm 2 ) 

[0205] • Electrode catalyst of the second electrode: Pt 

carrying carbon catalyst (catalyst density: 15 jig/cm 2 ) 

[0206] << Impedance Analyzer >> 

[0207] The following is set between the first and second 

electrodes . 
[0208] • DC voltage: 0 mV 

[0209] • AC voltage: 150 mV (effective value) 

[0210] • Measurement frequency: 1 Hz 

[0211] FIG, 6 shows the results. As is apparent from FIG. 

6, the sensor output (the absolute value of the 
impedance Z) changes with change in CO concentration. 
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and therefore, CO concentration can be reversibly 
measured by use of the gas sensor of Embodiment 1, 
without use of recovery means such as a heater. 
[0212] (Experimental Example 2) 

[0213] In Experimental Example 2, CO concentration 

measurement was performed by use of the gas sensor of 
Embodiment 2 shown in FIG. 2. 

[0214] Specifically, measurement of the impedance Z was 

performed under the conditions described below by use 
of the above-mentioned impedance analyzer. 

[0215] <<Measurement Conditions >> 

[0216] • Gas component: CO = 0 -> 2 -> 5 10 -> 20 50 

-> 100 -^50-*20^10-*5-*2->0 ppm 

[0217] • Remaining gas components: H 2 = 35%; C0 2 = 15%; 

H 2 0 = 25%; and N 2 (balance) (volume %) 

[0218] • Gas temperature: 80°C 

[0219] • Gas flow rate: lOL/min 

[0220] • Electrode catalyst of the first electrode: Pt 

carrying carbon catalyst (catalyst density: 1 mg/cm 2 ) 

[0221] • Electrode catalyst of the second electrode: Pt 

carrying carbon catalyst (catalyst density: 15 ng/cm 2 ) 

[0222] <<Impedance Analyzer>> 

[0223] The following is set between the first and second 

electrodes . 
[0224] • DC voltage: 700 mV 

[0225] • AC voltage: 150 mV (effective value) 

[0226] • Measurement frequency: 1 Hz 
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[0227] FIG* 7 shows the results. As is apparent from FIG. 

7, the sensor output (the absolute value of the 
Impedance Z) changes with change in CO concentration, 
and therefore, CO concentration can be reversibly 
measured by use of the gas sensor of Embodiment 2, 
without use of recovery means such as a heater. 

[0228] (Experimental Example 3) 

[0229] In Experimental Example 3, an experiment was 

performed to determine the responsiveness of the gas 
sensor of Embodiment 2 shown in FIG. 2. 

[0230] Specifically, the DC current applied between the 

first and second electrodes was changed under the 
following conditions, impedance measurement was 
performed by use of the above-mentioned impedance 
analyzer, and an impedance ratio was obtained. Notably, 
impedance ratio refers to an impedance value 
normalized such that the impedance at CO = 0 ppm is 
set to zero, and the sensitivity (a value obtained by 
subtracting the impedance at CO = 0 ppm from the 
impedance at CO = 100 ppm) is taken as 1. 

[0231] <<Measurement Conditions>> 

[0232] • Gas component: CO = 0 100 -* 0 ppm 

[0233] • Remaining gas components: H 2 = 35%; C0 2 = 15%; 

H 2 0 = 25%; and N 2 (balance) (volume %) 

[0234] • Gas temperature: 80°C 

[0235] • Gas flow rate: lOL/min 

[0236] • Electrode catalyst of the first electrode: Pt 



52 



carrying carbon catalyst (catalyst density: 1 jig/cm 2 ) 
[0237] • Electrode catalyst of the second electrode: Pt 

carrying carbon catalyst (catalyst density: 15 jxg/cm 2 ) 
[0238] << Impedance Analyzer >> 

[0239] The following is set between the first and second 

electrodes . 

[0240] • DC voltage: 0, 400, 700, 1000, 1200 mV 

(examples), -100, 1500 mV (comparative examples) 

[0241] • AC voltage: 150 mV (effective value) 

[0242] • Measurement frequency: 1 Hz 

[0243] FIG. 8 shows the results. In FIG. 8, the 

horizontal axis represents time, and the vertical axis 
represents impedance ratio, and FIG. 8 shows a 
response at the time when CO concentration was changed 
from 0 ppm to 100 ppm. Notably, when a DC voltage of - 
100 mV is applied, the first electrode becomes the 
negative electrode . 

[0244] FIG. 8 shows that in the case of a first 

comparative example in which the DC voltage is -100 mV, 
the response characteristic deteriorates. This 
deterioration occurs for the following reason. When 
the DC voltage is -100 mV, hydrogen is pumped toward 
the shielded first electrode, so that the H 2 0 
concentration in the vicinity of the catalyst of the 
second electrode in contact with the analyte-gas 
atmosphere decreases, and desorption of CO becomes 
less likely to occur. This reveals that it is 
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preferred not to apply DC voltage between the first 
and second electrodes (0 mV) or to apply DC voltage 
such that the first electrode assumes positive 
polarity. 

[0245] Further, FIG. 8 shows that in the case of a second 

comparative example in which the DC voltage is 1500 mV, 
the response characteristic greatly deteriorates. This 
deterioration occurs for the following reason. Since 
the hydrogen concentration on the first electrode 
becomes excessively low as a result of application of 
high voltage, corrosion of carbon and catalyst used in 
the electrodes occurs, and the impedance becomes 
unstable . 

[0246] The above results show that a preferable range of 

DC voltage in which CO concentration can be measured 
by use of the gas sensor of Embodiment 2 with high 
responsiveness is 0 to 1200 mV. 

[0247] (Experimental Example 4) 

[0248] In Experimental Example 4, CO concentration 

measurement was performed by use of the gas sensor of 
Embodiment 3 shown in FIG. 3. 

[0249] Specifically, measurement of the impedance Z was 

performed under the conditions described below by use 
of the above-mentioned impedance analyzer. 

[0250] <<Measurement Conditions>> 

[0251] • Gas component: CO = 1000, 5000, 10000, 15000, 

20000 ppm 
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[0252] • Remaining gas components: H 2 = 35%; C0 2 = 15%; 

H 2 0 = 25%; and N 2 (balance) (volume %) 
[0253] • Gas temperature: 80°C 

[0254] • Gas flow rate: lOL/min 

[0255] • Electrode catalyst of the first electrode: Pt-Au 

carrying carbon catalyst (catalyst density: 1 mg/cm 2 ) 

[0256] • Electrode catalyst of the second electrode: Pt 

carrying carbon catalyst (catalyst density: 1 mg/cm 2 ) 
[0257] <<Impedance Analyzer>> 

[0258] The following is set between the first and second 

electrodes . 
[0259] • DC voltage: 700 mV 

[0260] • AC voltage: 150 mV (effective value) 

[0261] • Measurement frequency: 1 Hz 

[0262] FIG. 9 shows the results. As is apparent from FIG. 

9 , the sensor output changes with change in CO 
concentration, and therefore, CO concentration can be 
measured by use of the gas sensor of Embodiment 3. 

[0263] (Experimental Example 5) 

[0264] In Experimental Example 5, an experiment was 

performed to determine the responsiveness of the gas 
sensor of Embodiment 3 shown in FIG. 3. 

[0265] Specifically, the DC current applied between the 

first and second electrodes was changed under the 
following conditions, impedance measurement was 
performed by use of the above-mentioned impedance 
analyzer, and an impedance ratio was obtained. 
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[0266] <<Measurement Conditions >> 

[0267] • Gas component: CO = 1000 5000 -> 10000 -* 

15000 20000 -* 15000 10000 -> 5000 1000 ppm 

[0268] • Remaining gas components: H 2 = 35%; C0 2 = 15%; 

H 2 0 = 25%; and N 2 (balance) (volume %) 

[0269] • Gas temperature: 80°C 

[0270] • Gas flow rate: lOL/min 

[0271] • Electrode catalyst of the first electrode: Pt-Au 

carrying carbon catalyst (catalyst density: 1 mg/cm 2 ) 

[0272] • Electrode catalyst of the second electrode: Pt 

carrying carbon catalyst (catalyst density: 1 mg/cm 2 ) 

[0273] << Impedance Analyzer >> 

[0274] The following is set between the first and second 

electrodes . 
[0275] • DC voltage: 700 mV 

[0276] • AC voltage: 150 mV (effective value) 

[0277] • Measurement frequency: 1 Hz 

[0278] • Data sampling interval: 5 sec 

[0279] FIG. 10 shows the results. As is understood from 

FIG. 10, the sensor output changes reversibly with 
change in CO concentration. That is, the result shows 
that CO concentration can be measured reversibly by 
use of the gas sensor of Embodiment 3, without use of 
recovery means such as a heater. 

[0280] The electrode catalyst used for the first 

electrode contains Pt and Au at a weight ratio of 1:1, 
which are carried by carbon powder. The added gold may 
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be subjected to an alloying process, or may be 
contained as a mixture. 
[0281] (Experimental Example 6) 

[0282] In Experimental Example 6, an experiment was 

performed to determine the range of DC voltage, in 
which range CO concentration can be measured by use of 
the gas sensor of Embodiment 3 shown in FIG. 3. 

[0283] Specifically, the DC voltage (Vp) applied between 

the first and second electrodes was changed under the 
following conditions, and the current (Ip) flowing 
between the electrodes at that time was measured. In 
this experiment, AC voltage was not applied to the 
first and second electrodes. 

[0284] <<Measurement Conditions >> 

[0285] • Gas component: CO = 0, 20000 ppm 

[0286] • Remaining gas components: H 2 = 35%; C0 2 = 15%; 

H 2 0 = 25%; and N 2 (balance) (volume %) 

[0287] • Gas temperature: 80°C 

[0288] • Gas flow rate: lOL/min 

[0289] • Applied Voltage Vp: 0 to 1000 mV (100 mV/min 

sweep application) 
[0290] • Electrode catalyst of the first electrode: Pt-Au 

carrying carbon catalyst (catalyst density: 1 mg/cm 2 ) 
[0291] • Electrode catalyst of the second electrode: Pt 

carrying carbon catalyst (catalyst density: 1 mg/cm 2 ) 
[0292] FIGS. 11 and 12 show the results. In these 

drawings, the horizontal axis represents applied 
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voltage Vp, and the vertical axis represents current 
value Ip . 

[0293] From these drawings, it is understood that in the 

case of CO = 0 ppm, the current value (Ip) becomes 
constant (limiting current) when the applied voltage 
(Vp) reaches 100 mV. However, in the case of CO = 
20000 ppm, the current value is low (does not reach 
the limiting current), which shows that the sensor has 
been poisoned by CO. However, in a region in which Vp 
is 400 mV or higher, the current value starts to 
increase, and in a region in which Vp is 550 mV or 
higher, the current value is maintained at the 
limiting current even in the case where CO = 20000 ppm. 

[0294] Accordingly, from this experiment, it is 

understood that when the DC voltage is set to 400 mV 
or higher as shown in FIG. 11, CO starts to be 
oxidized in accordance with the above -described 
formula (A) , and CO concentration can be stably 
measured, without being influenced by poisoning. 
Moreover, it is understood that when the DC voltage is 
set to 550 mV or higher as shown in FIG. 12, all CO 
can react in accordance with the above -described 
formula (A) , and CO concentration can be stably 
measured, without being influenced by CO poisoning. 

[0295] (Experimental Example 7) 

[0296] In Experimental Example 7, an experiment was 

performed to determine the range of the potential 
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difference between the reference electrode and the 
first electrode, in which range CO concentration can 
be stably measured by use of the gas sensor of 
Embodiment 4 shown in FIG. 4. 

[0297] Specifically, the DC voltage (Vp) applied between 

the first and second electrodes was changed, while the 
potential difference (Vs) between the reference 
electrode and the first electrode was monitored; and 
the DC current (Ip) flowing between the first and 
second electrodes was measured. In this experiment, AC 
voltage was not applied to the first and second 
electrodes . 

[0298] <<Measurement Conditions >> 

[0299] * Gas component: CO = 0, 20000 ppm 

[0300] • Remaining gas components: H 2 = 35%; C0 2 = 15%; 

H 2 0 = 25%; and N 2 (balance) (volume %) 

[0301] • Gas temperature: 80°C 

[0302] • Gas flow rate: lOL/min 

[0303] • Applied Voltage Vp: 0 to 1000 mV (100 mV/min 

sweep application) 
[0304] • Electrode catalyst of the first electrode: Pt-Au 

carrying carbon catalyst (catalyst density: 1 mg/cm 2 ) 

[0305] • Electrode catalyst of the second electrode: Pt 

carrying carbon catalyst (catalyst density: 1 mg/cm 2 ) 

[0306] FIGS. 13 and 14 show the results. From these 

drawings, it is understood that in the case of CO = 0 
ppm, the current value (Ip) becomes constant (limiting 
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current) when Vs reaches 100 mV. However, in the case 
of CO = 20000 ppm, the current value is low (does not 
reach the limiting current), which shows that the 
sensor has been poisoned by CO. 

[0307] However, in a region in which Vs is 250 mV or 

higher (the region in which CO can be oxidized; see 
FIG. 13), the current value starts to increase, and in 
a region in which Vs is 400 mV or higher (the region 
in which measurement can be stably performed without 
being influenced by poisoning; see FIG. 14), the 
current value is maintained at the limiting current 
even in the case where CO = 20000 ppm. 

[0308] Accordingly, from this experiment, it is 

understood that when the voltage Vs is set to 250 mV 
or higher, CO starts to be oxidized in accordance with 
the above -described formula (A) , and CO concentration 
can be stably measured, without being influenced by 
poisoning. 

[0309] Moreover, it is understood that when the voltage 

Vs is set to 400 mV or higher as shown in FIG. 14, all 
CO can react in accordance with the above -described 
formula (A) , and CO concentration can be stably 
measured, without being influenced by CO poisoning. 

[0310] (Experimental Example 8) 

[0311] In Experimental Example 8, CO concentration 

measurement was performed by use of the gas sensor of 
Embodiment 3 shown in FIG. 3, and CO concentration 
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correction was performed during the measurement . 
[0312] The concentration of H 2 0 contained in the analyte 

gas changes depending on the operating conditions, and 
the above-described impedance (in particular, the 
internal impedance of the proton conductive layer) 
changes with the changing H 2 0 concentration. The 
correction for CO concentration measurement is 
performed so as to eliminate the influence of the H 2 0 
concentration . 

[0313] In this experiment, impedance measurement was 

performed under the following conditions. That is, 
impedance measurement was performed while the 
frequency of the applied AC voltage was set to 
different frequencies ( 1 Hz and 5 kHz in cases (1) and 
(2), respectively, which will be described below). 

[0314] <<Measurement Conditions>> 

[0315] • Gas component: CO = 1000, 5000, 10000, 15000, 

20000 ppm 

[0316] • Remaining gas components: H 2 = 35%; C0 2 = 15%; 

H 2 0 = 15, 20, 25, 30, 35%; and N 2 (balance) (volume %) 
[0317] • Gas temperature: 80°C 

[0318] • Gas flow rate: lOL/min 

[0319] • Electrode catalyst of the first electrode: Pt-Au 

carrying carbon catalyst (catalyst density: 1 mg/cm 2 ) 

[0320] • Electrode catalyst of the second electrode: Pt 

carrying carbon catalyst (catalyst density: 1 mg/cm 2 ) 

[0321] <<(1) Impedance Analyzer>> 



61 



[0322] The following is set between the first and second 

electrodes . 
[0323] • DC voltage: 700 mV 

[0324] • AC voltage: 150 mV (effective value) 

[0325] • Measurement frequency: 1 Hz 

[0326] FIG. 15 shows the results. As is apparent from 

FIG. 15, at each H 2 0 concentration, the impedance 
(accordingly, the sensor output) changes with CO 
concentration, and therefore, CO concentration can be 
measured at each H 2 0 concentration. 

[0327] However, when only data obtained at 1 Hz are used, 

CO concentration measurement is influenced by H 2 0 
concentration, because the sensor output changes with 
H 2 0 concentration. Accordingly, as described below, 
the internal impedance of the proton conductive layer 
(the impedance between the first and second 
electrodes) was further measured, while the 
measurement frequency was changed. 

[0328] <<(2) Impedance Analyzer>> 

[0329] The following is set between the first and second 

electrodes . 
[0330] • DC voltage: 700 mV 

[0331] • AC voltage: 150 mV (effective value) 

[0332] • Measurement frequency: 5 kHz 

[0333] The results are shown in the following Table 1. 

In Table 1, the difference between each pair of 
impedances measured at the respective frequencies is 
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also shown . 



[Table 1] 



CO 

concentra- 
tion [ppm] 


H 2 0 
concentra- 
tion [%] 


at 1 Hz 


at 5 kHz 


Difference between 
1 Hz impedance and 
5 kHz impedance 


1000 


15 


38.90 


15.80 


23.10 


20 


33 . 80 


10.80 


23.00 


25 


31.26 


8. 18 


23.08 


30 


29.73 


6.63 


23.10 


35 


29 . 14 


5.42 


23 . 72 


5000 


15 


47 . 84 


15.81 


32.02 


20 


42 . 72 


10.76 


31.96 


25 


40. 11 


8.12 


31.99 


30 


38.58 


6 . 53 


32.05 


35 


37 .88 


5. 34 


32.54 


10000 


15 


51 .20 


15 . 88 


35.33 


20 


45.73 


10.74 


35.00 


25 


43 .03 


8 . 06 


34 .97 


30 


41 .63 


6 . 47 


35 . 16 


35 


40 . 51 


5 . 28 


35 . 24 


15000 


15 


52 . 66 


15 . 93 


36 . 73 


20 


47 . 47 


10 . 73 


36 . 74 


25 


44 .41 


8.03 


36.38 


30 


42 .42 


6.42 


36.00 


35 


41.85 


5.23 


36.62 


20000 


15 


53.77 


16.00 


37.77 


20 


48.18 


10.73 


37.46 


25 


45.09 


8.00 


37.09 


30 


43.57 


6.32 


37.25 


35 


42.49 


5.19 


37.30 



[0334] As shown in Table 1, when CO concentration 

measurement is performed by use of only the impedance 
(Zihz) between the first and second electrodes as 
measured at 1 Hz, the measurement is influenced by H 2 0 
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concentration. However, the difference AZ between the 
impedance ( Zmz) between the first and second 
electrodes as measured at 1 Hz and the internal 
impedance (Z 5kHz ) of the proton conductive layer as 
measured at 5 kHz corresponds to CO concentration. 

[0335] Accordingly, use of the impedance difference AZ 

enables accurate measurement of CO concentration, 
without any dependency on H 2 0 concentration. 

[0336] Here, there will be described two methods a) and 

b) for measuring the impedance through use of 
alternating voltage having a waveform including 
components of two different frequencies. 

[0337] a) As shown in FIG. 16A, in an electric circuit, 

an AC voltage having a waveform which contains a low 
frequency (1 Hz ) component and a high frequency ( 5 
kHz) component (see FIG. 16B) is produced through 
changeover of a switch, and is applied to the sensor. 
The current value at the time when each of the 
frequency components is applied to the sensor is 
converted to a voltage by means of a corresponding IV 
conversion circuit. The bottom peak of the low 
frequency voltage and the bottom peak of the high 
frequency voltage are held, and the impedance at the 
low frequency and the impedance at the high frequency 
are calculated from these values. 

[0338] A predetermined calculation is performed by use of 

the impedance at the low frequency and the impedance 
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at the high frequency, whereby the above-mentioned 
impedance difference AZ is obtained. After that, a CO 
concentration corresponding to AZ is obtained. Thus, a 
sensor output having undergone correction for H 2 0 
concentration is obtained. 

[0339] b) Alternatively, as shown in FIG. 17A, a 

composite wave composed of a low frequency (1 Hz) wave 
and a high frequency (5 kHz) wave; i.e., a composite 
voltage composed of a low frequency (1 Hz) AC 
component , and a high frequency ( 5 kHz ) AC component 
superposed thereon (see FIG. 17B) is produced, and is 
applied to the sensor. The current value at the time 
when the composite voltage is applied to the sensor is 
converted to a voltage by means of an IV conversion 
circuit. The bottom peaks of low frequency voltage and 
high frequency voltage, which are separated from the 
voltage by means of a low-pass filer and a high-pass 
filter, respectively, are held, and the impedance at 
the low frequency and the impedance at the high 
frequency are calculated from these values . 

[0340] A predetermined calculation is performed by use of 

the impedance at the low frequency and the impedance 
at the high frequency, whereby the above-mentioned 
impedance difference AZ is obtained. After that, a CO 
concentration corresponding to AZ is obtained. Thus, a 
sensor output having undergone correction for H 2 0 
concentration is obtained. 
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[0341] (Experimental Example 9) 

[0342] In Experimental Example 9, experiments were 

performed to determine the range of the above- 
described two frequencies, in which ranges correction 
for H 2 0 concentration can be performed in the gas 
sensor of Embodiment 2 shown in FIG. 2. 

[0343] Specifically, under the conditions as described 

below, the impedance for the case where CO = 100 ppm 
was obtained by use of the above -described impedance 
analyzer, while the measurement frequency was changed. 
Also, the difference between the impedance for the 
case where CO = 100 ppm and the impedance for the case 
where CO = 0 ppm was obtained as sensitivity. 

[0344] <<Measurement Conditions>> 

[0345] • Gas component: CO = 0, 100 ppm 

[0346] • Remaining gas components: H 2 - 35%; C0 2 = 15%; 

H 2 0 = 25%; and N 2 (balance) (volume %) 
[0347] • Gas temperature: 80°C 

[0348] • Gas flow rate: lOL/min 

[0349] • Electrode catalyst of the first electrode: Pt 

carrying carbon catalyst (catalyst density: 1 mg/cm 2 ) 

[0350] • Electrode catalyst of the second electrode: Pt 

carrying carbon catalyst (catalyst density: 0.015 
mg/cm 2 ) 

[0351] <<Impedance Analyzer>> 

[0352] The following is set between the first and second 

electrodes . 
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[0353] • DC voltage: 700 mV 

[0354] • AC voltage: 150 mV (effective value) 

[0355] • Measurement frequency: 1000000 to 0.1 Hz 

[0356] FIGS. 18 and 19 show graphs of the measurement 

results. In FIG. 18, the horizontal axis represents 
the measurement frequency, and the vertical axis 
represents the sensitivity at 100 ppm. In FIG. 19, the 
horizontal axis represents the measurement frequency, 
and the vertical axis represents the impedance at 100 
ppm. 

[0357] From FIG. 18, low-frequency side frequencies 

preferable for performance of H 2 0 concentration 
correction can be determined among different 
frequencies. That is, as is understood from FIG. 18, 
sensitivity is obtained in a range of 10 Hz or lower. 
Therefore, in the case of the gas sensor of Embodiment 
2 , the frequency suitable for measurement of CO 
concentration is 10 Hz or lower. Moreover, in 
consideration of the fact that when the frequency is 
excessively low, the sampling time becomes too long 
with a resultant deterioration in responsiveness, the 
low- frequency- side frequency is preferably set to 10 
Hz to 0.05 Hz, more preferably set to 1 Hz . 

[0358] Meanwhile, from FIG. 19, high-frequency side 

frequencies preferable for performance of correction 
for H 2 0 concentration can be determined among different 
frequencies. That is, as is understood from FIG. 19, 
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the impedance does not change at frequencies equal to 
or higher than 100 Hz. Therefore, use of a frequency- 
equal to or higher than 100 Hz enables measurement of 
the impedance of the proton conductive layer, and 
enables correction for H 2 0 concentration. The high- 
frequency- side frequency is preferably set to 100000 
Hz to 100 Hz, more preferably set to 5 kHz. 
[0359] (Experimental Example 10) 

[0360] In Experimental Example 10, an experiment was 

performed to determine AC voltage for impedance 
measurement in the gas sensor of Embodiment 2 shown in 
FIG. 2. 

[0361] Specifically, under the conditions as described 

below, the sensitivity when CO of 100 ppm was 
introduced (the difference between the impedance for 
the case where CO = 100 ppm and the impedance for the 
case where CO = 0 ppm) was measured, while the AC 
voltage was changed. 

[0362] <<Measurement Conditions >> 

[0363] • Gas component: CO = 0, 100 ppm 

[0364] • Remaining gas components: H 2 = 35%; C0 2 = 15%; 

H 2 0 = 25%; and N 2 (balance) (volume %) 
[0365] • Gas temperature: 80°C 

[0366] • Gas flow rate: lOL/min 

[0367] • Electrode catalyst of the first electrode: Pt 

carrying carbon catalyst (catalyst density: 1 mg/cm 2 ) 
[0368] • Electrode catalyst of the second electrode: Pt 
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carrying carbon catalyst (catalyst density: 0.015 
mg/cm 2 ) 

[0369] << Impedance Analyzer >> 

[0370] The following is set between the first and second 

electrodes . 
[0371] • DC voltage: 0 mV 

[0372] • AC voltage: 5, 10, 100, 150, 200, 300, 500 mV 

(effective value) 
[0373] • Measurement frequency: 1 Hz 

[0374] FIG. 20 shows the results. As is apparent from 

FIG. 20, impedance measurement is possible when the AC 
voltage is 5 mV or higher. Since high sensitivity is 
preferred, the AC voltage is preferably set to 5 mV to 
300 mV, and more preferably set to 150 mV, at which 
the sensitivity becomes highest . 

[0375] (Experimental Example 11) 

[0376] In Experimental Example 11, an experiment was 

performed to evaluate change in the sensitivity of the 
gas sensor of Embodiment 2 shown in FIG. 2 when the 
quantity of the catalyst of the second electrode was 
changed . 

[0377] Specifically, under the conditions as described 

below, the difference between the 1 Hz impedance and 
the 5 kHz impedance was obtained by use of the above - 
described impedance analyzer. 

[0378] < <Measurement Conditions >> 

[0379] • Gas component: CO = 0, 10 , 20, 50, 100, 200, 500, 
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1000, 2000, 10000, 20000 ppm 
[0380] • Remaining gas components: H 2 = 35%; C0 2 = 15%; 

H 2 0 = 25% and N 2 (balance) (volume %) 
[0381] • Gas temperature: 80°C 

[0382] • Gas flow rate: lOL/min 

[0383] • Electrode catalyst of the first electrode: Pt 

carrying carbon catalyst (catalyst density: 1 mg/cm 2 ) 

[0384] • Electrode catalyst of the second electrode: Pt 

carrying carbon catalyst (catalyst density: 1.5 fig/cm 2 , 
15 ng/cm 2 , 150 jxg/cm 2 , 1 mg/cm 2 ) 

[0385] <<Impedance Analyzer>> 

[0386] The following is set between the first and second 

electrodes . 
[0387] • DC voltage: 700 mV 

[0388] • AC voltage: 150 mV (effective value) 

[0389] • Measurement frequency: 1 Hz , 5 kHz 

[0390] FIG. 21 shows the measurement results. As is 

apparent from FIG. 21, when the catalyst quantity is 1 
mg/cm 2 , the impedance hardly changes in the range of 10 
to 100 ppm. However, when the catalyst quantity is 
reduced, the impedance changes for CO of low 
concentration of 10 to 100 ppm. That is, the sensor 
has sensitivity. 

[0391] Moreover, it is understood from FIG. 21 that the 

concentration range in which the sensor has 
sensitivity changes depending on the catalyst quantity. 
From this result, it is understood that the measurable 



70 



range for CO concentration can be changed by changing 
the catalyst quantity of the electrodes of the sensor. 

[0392] Notably, the present invention is not limited to 

the above -described embodiments, and may be practiced 
in various forms without departing from the scope of 
the present invention. 

[0393] For example, the electrode catalyst used for the 

first electrode, etc. are not limited to those 
described in the above -described embodiments and 
experimental examples, and any catalyst can be used so 
long as a selected catalyst can adsorb a catalyst 
poison gas contained in an analyte gas , and can 
generate hydrogen or protons through decomposition, 
dissociation, or reaction with a hydrogen-containing 
substance. 

[0394] Although recovery means such as a heater is not 

necessarily required in the present invention, the 
recovery means such as a heater may be provided in 
order to further improve the performance. 

[0395] INDUSTRIAL APPLICABILITY 

[0396] The gas sensor of the present invention is 

suitable for measurement, in a fuel cell, of 
concentration of a catalyst poison gas, such as CO, 
sulfur-containing substance, etc. which are contained 
in fuel gas, and in particular, concentration of CO. 
The present invention can provide a gas sensor which 
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enables reversible, continuous measurement of 
concentration of a catalyst poison gas such as CO, 
without requiring recovery means such as a heater. 
Also, the present invention can provide a gas sensor 
which can measure concentration of a catalyst poison 
gas without being influenced by H 2 0 concentration. 
Moreover, the present invention can provide a gas 
sensor which has good responsiveness. 
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